tors initiates both growth-and survival-promoting signal
As expected because of the proximal projection defects, sympathetic innervation of many end organs, exResults amined at later gestational ages, is substantially attenuated in the absence of NT-3. Reduced levels of Both NGF and NT-3 Contribute to Growth sympathetic innervation were observed in E16.5 NT-3 Ϫ/Ϫ of Sympathetic Neuron Axons In Vivo mice in the heart, duodenum, brown fat (Figures 2A-2F ), We sought to understand how the related neuronal thymus, stomach, pancreas, kidney, and bladder (data growth factors NGF and NT-3 coordinate the establishnot shown). Moreover, at postnatal day 0.5, the hearts of ment of the sympathetic nervous system, since both of NT-3 Ϫ/Ϫ ; Bax Ϫ/Ϫ mice, and, as recently reported, NGF Ϫ/Ϫ ; these neurotrophins are crucial for survival of sympaBax Ϫ/Ϫ mice (Glebova and Ginty, 2004) ated in mice lacking NT-3 suggest that its in vivo function We find that growth of proximal sympathetic axons in the developing sympathetic nervous system is to provide direct support of axon growth. We therefore used along the vasculature around the superior cervical gan- compartmentalized cultures of sympathetic neurons to test whether NT-3 added directly and exclusively to distal axons supports axonal extension. This model system allows for the separation of distal axons from cell bodies and proximal axons and the application of growth factors exclusively to distal axons (see Figure 4A ). The broad-spectrum caspase inhibitor BAF (50 M) was added to cell bodies in these experiments so that axon growth responses could be assessed in the absence of complications of apoptosis. We found that NT-3, like NGF, added exclusively to distal axons of compartmentalized sympathetic neurons, promotes robust growth of axons ( Figure 3A) . The axon growth-promoting effect of NT-3 is evident at relatively low concentrations (10 ng/ml; Figure 3A) , prompted us to test whether p75 modulates NT-3's ability to promote axon growth. Indeed, we found that NT-3 (10-100 ng/ml) elicits a 2-to 3-fold increase in axonal extension rates when added to distal axons of compartmentalized sympathetic neurons obtained from p75 mutant mice as compared to wildtype controls ( Figure 3E ). The ability of NT-3 to evoke an augmented axonal growth response in the absence NT-3 to NGF. We therefore considered the possibility that one of the functions of target-derived NGF and retrograde NGF/TrkA signaling is to control expression NGF but not NT-3 supports p75 expression in developing sympathetic neurons in vivo which, in turn, trigWe found that NGF is indeed required in vivo for normal expression of p75 ( Figure 3F ). This finding stems from gers a reduction in NT-3-mediated axon growth. an Affymetrix microarray analysis of 36,000 known genes and ESTs using cDNA prepared from SCGs iso-NGF but Not NT-3 Promotes Retrograde Survival and Hypertrophy of Sympathetic Neurons lated from NGF ϩ/ϩ ; Bax Ϫ/Ϫ and NGF Ϫ/Ϫ ; Bax Ϫ/Ϫ animals to identify genes whose expression requires NGF in vivo.
It is striking that NT-3 null mice, like NGF null mice, exhibit excess sympathetic neuronal cell death, and this Among the genes whose expression in SCGs is most We therefore used compartmentalized cultures of sym-NT-3 added to distal axons can support axonal outgrowth ( Figure 3A) . Similarly, NT-3 added directly to cell pathetic neurons to determine the extent to which these neurotrophins can directly support retrograde survival.
bodies supports soma hypertrophy ( Figure 4E ), while, in marked contrast, NT-3 added to distal axons is incaCompartmentalized cultures were established using NGF-containing media for 7 days in vitro (DIV) prior to pable of promoting soma hypertrophy ( Figure 4D ). Hence, while NGF promotes robust survival and soma washing to remove NGF and then switching to media containing either fresh NGF or NT-3. As reported prehypertrophy through retrograde signaling, NT-3 cannot. We next considered the possibility that NT-3's ability viously (Ye et al., 2003), 10 ng/ml NGF applied exclusively to distal axons supports maximal retrograde surto support retrograde survival is modulated or perhaps inhibited by p75. This appears not to be the case, howvival ( Figure 4B) . In sharp contrast, NT-3 is unable to support survival when added exclusively to distal axons, ever, since a comparable amount of cell survival is ob- To begin to distinguish among these possibilities, we the ability of TrkA to be internalized in response to NT-3. Using the confocal immunofluorescence assay to visualnext asked whether NGF and NT-3 might signal from distinct subcellular platforms, i.e., endosomes versus ize trafficking of activated TrkA in 293T cells which do not express p75, we found that NGF but not NT-3 inthe plasma membrane. To address this question, an immunofluorescence assay was employed to detect duced internalization of phosphorylated TrkA (Supplemental Figures S3B and S3C) , suggesting that the presboth TrkA and phosphorylated TrkA in cultured sympathetic neurons. Sympathetic neurons transfected with a ence of p75 alone does not modulate the differential internalization of TrkA. However, it is possible that 293T TrkA expression vector to elevate the levels of TrkA were used for immunolocalization of the activated receptor cells may lack other cellular components that facilitate the ability of p75 to modulate TrkA endocytosis. Thus, using P-Trk antibodies and confocal microscopy. Consistent with our biochemical data ( Figure 5B ), both NGF in order to directly ask whether differential regulation of TrkA internalization by NGF and NT-3 is altered in neuand NT-3 stimulation result in activation of TrkA along axons and at growth cones ( Figure 6A ). This analysis rons lacking p75, the cell surface biotinylation assay using mass cultures of sympathetic neurons established of axons, however, does not allow us to assess the subcellular localization and trafficking of P-TrkA. We from p75 Ϫ/Ϫ mice was employed. Analogous to the results in rat sympathetic neurons ( Figure 7A ), which extherefore examined the effects of ligand stimulation on cell bodies, a method previously used to study TrkA press high levels of p75, we found that, while NGF promotes internalization of TrkA in p75 Ϫ/Ϫ mouse symreceptor internalization and trafficking in PC12 cells 
Whole-Mount Tyrosine Hydroxylase Immunohistochemistry Experimental Procedures
Whole-mount tyrosine hydroxylase (TH) immunohistochemistry was performed as previously described (Glebova and Ginty, 2004) . We Animals did not detect any differences in TH levels in SCGs isolated from p75 mutant mice on a mixed background of 129 and Balb/C strains NGF ϩ/ϩ ; Bax Ϫ/Ϫ and NGF Ϫ/Ϫ ; Bax Ϫ/Ϫ mice (Supplemental Figure S1 ). 
